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Operational Performance: Use of Tepown with Bottom Up Analysis

A Operational performance measurement has business importance:
A Identify and address reasons for production variance
A Adjust budgets
A Provide input for business cases for retrofits/upgrades, services, etc.
A Due-diligence (financing, M&A, etc.)

A High-level challenges:
A Consistency and quality of data and methods
A Cost and effort (person-time)
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Operational Performance: Use of Tepown with Bottom Up Analysis

A Operational performance monitoring should reconcile various key reports/KPIs (e.g. metering reports, availability
measures, wind resource measures, etc.)
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Operational Performance: Use of Tepown with Bottom Up Analysis o

A Some detailed issues with bottom-up SCADA (10 min or
better data) analysis:

A Missing/bad SCADA data and instrument drift/error (not
always easily detectable}i filling gaps may bias results

A Cost/efficiency dictates use of automation to carry out
analysidh improperly handled exceptions can lead to
errors

A Quantification of losses depends on accurately and
consistently estimating o0i d
limited measurement information)

A While there are standards that covers some parts of this
analysis, there are no overarching industry standards
t hat gui-tbee nidt6 0end

A Methods are evolving so analysis performed several
years apart may apply different techniques, with no
guarantee the results are completely consistent

A Given the importance of operational analyses, assessing
t he accuracy/ vaupodiStCA DoAf aonbaoltytsoins i s
important
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A Measure-Correlate-Predict (MCP) approaches provide an
alternate form of operational assessment
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A Actual production is grossed up by losses (typically assessed by
separate analysis) and then correlated with a measure of the
wind resource (typically avg. wind speed)
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A Often used to investigate long -term expected production

A If the wind resource measure is chosen to be a representative,
consistent long-term reference, the average of this measure
and the derived relationship can be used to estimate long-
term production
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AA oddowno operational analysis

A MCP provides limited operational insights due to:

A Some losses being considered inherent depending on gross
up
A Crude loss estimates (e.g. contractual availability) may lead to 1 , = o , ,

weaker correlation 4 5 6 7 8
Density-Corrected Average Wind Speed (m/s)

Gross Monthly Production (Normalizedto 30-Day Month) (M¥Vh)
M
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A Lack of granularity by time/turbine

A Correlation of gross production with average wind speed can
result in a weaker correlation due to spatial and temporal
effects
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Operational Performance: Use of Tepown with Bottom Up Analysis

A Reanalysis data is complimentary to SCADA data

A Potential to provide a SCADA independent measure for use
in operational analysis if spatial and temporal limitations can
be addressed

A Different sources:

A NASA modern-era retrospective analysis for research and
applications MERRA2

A European Centre for Medium-Range Weather Forecasts
(ECMWEF) reanalysis ERA

SCADA Data Reanalysis Data
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A Desire for assessing performance analysis validity and the complementary nature of SCADA and reanalysis data
suggest the possddbiwinidt anafupbobm@amytsos toget her

A Strong correlation between from bottom -up and top -down analysis requires:

1) Act ual production + | os8spésSEADAManhatlybysobotbemrepres
production (based on wind resource)

AND
2) Gross (i1 deal) proadwrdi omareaslty snags edlatby t0Od olpe repr e:

A Lack of consistency indicates breakdown in assumptions/errors in analysis

ATo make this work, dondt want | ack of consistency due to
analysis data
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A Temporal resolution:
A Should consider use of hourly data; avoid temporal averaging
AdOAveraging errord6 increases quickly when averaging dai

A Below sequence shows the effect of using average wind speed as a predictor for production (real 10 min wind
dataset applied to a theoretical 1.5MW turbine)

(left = hourly, middle = daily, right = weekly)
A Empirically observed error in using hourly data ~1%

A So temporal resolution of hourly reanalysis data is not a major limitation, but further time averaging should be
avoided
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Operational Performance: Use of Tepown with Bottom Up Analysis

A Spatial resolution:

A Consider a 67 WTG site with 80mHH situated on complex terrain (280m variation in elevation between WTGS) with
forestryé
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A Spatial resolution:
A Generally, reanalysis data has poor spatial resolution: e.g. MERRA resolution is ~50km x 50km

A Shear, topographical effects are important considerations, especially on sites with complex
terrain

A Use of advanced siting tools for refinement of reanalysis data is not usually an option due to time
& cost

A Market solutions are available to directly provide spatially (and sometimes temporally) refined
reanalysis data
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A Outline of (one possible) method for using reanalysis data with bottom -

up SCADA analysis:
AFirst step: selection ofstroogyest reanalysisé data set th

correlation with a local measure of the wind resource (e.g.
meteorological tower)

A Further refinement achieved by fitting a turbine -pad-specific sector-

wise model (after applying appropriate filtering of data) to correct the

hourly (density corrected) reanalysis wind speed data

A Shear and topographic corrected together (avg. waking in sector
assumed to be captured also)

A Generally requires 6+ months of data

AFigure on right i s anwisefistorgellimearusi ng 15V sector
model (blue = unfiltered raw MERRAZ2 wind speed, red = filtered
modeled wind speed)



